Nothapodytes nimmoniana is an important anti-cancer medicinal plant which possesses various bioactive substances, of which camptothecin (CPT) is the most important. CPT is mainly obtained by extraction from plants. However, extraction is problematic because of the lack of reference information, which leads to a large number of trees being felled. In this study, CPT was detected in different parts (shoots, two-and three-year-old stems, tender leaves, mature leaves, senescent leaves, roots and bark) of N. nimmoniana. A high performance liquid chromatographic (HPLC) method was used to determine the CPT content. All parts analyzed contained CPT, but concentrations depended on the different growth phases of the stems and leaves. The highest CPT content was 1.87 mg/g from roots, followed by the shoots, with a content of 1.07 mg/g. With a view to resource utilization, we concluded that the shoots were the best tissues for exploitation. Suggestions for shoot picking are also provided.
Nothapodytes nimmoniana (synonyms, N. foetida and Mappia foetida), Nothapodytes of the family Icacinaceae, is an important anti-cancer medicinal plant [1] , which is widely distributed in South India, Ceylon, Cambodia, the Ryukyu islands and Taiwan [2] . The species has also been found in Guangdong and Enshi in China. The plant is an excellent source of quinoline alkaloids, camptothecin (CPT) and 9-methoxycamptothecin (9-Me-CPT), which are used either clinically or after derivatization as anticancer agents for the treatment of solid tumors [3] . CPT was first discovered by Wall and Wani in the Chinese deciduous tree, Camptotheca acuminata [4] . However, the CPT content of C. acuminata was very low (about 0.005%, dry weight) [5] . By far the highest level was found in N. nimmoniana (0.3%, dry weight) [3] . The CPT derivatives, irinotecan and topotecan, are used for the treatment of various cancers, and a dozen more CPT analogues are currently at various stages of clinical development. Although a large quantity of CPT is required for the market, its main source depends on extraction of C. acuminata and N. nimmoniana [6] . Moreover, there is little reference information for extraction, leading to a large number of entire trees being felled, which is a huge threat to the species and its reproduction [7] . The present study was aimed at the determination of the camptothecin content of various parts of N. nimmoniana, in the hope of providing a scientific basis for the further rational use and protection of this plant resource.
From each tree, samples of shoots, two-year-old stems, three-year-old stems, tender leaves, mature leaves, senescent leaves, roots and bark were collected. All the samples, after ultrasonic extraction, were analyzed by an HPLC method developed for this purpose. The retention time of camptothecin was 7.7 min.
The calibration curve was obtained by the least-square method. The concentration of camptothecin in methanol solution was calculated by the regression equation: Y = 6045X -43.349, where Y is the peak area of camptothecin and X is the concentration of each injection. The correlation coefficient (R 2 ) was 0.999.
The precision of the method was validated for instrumental precision, repeatability, and intermediate precision [8] . The relative standard deviation (RSD) values for the three situations were 0.31%, 1.48 and 1.38%, respectively. The accuracy of the method was established by measurement of recovery to determine whether any other constituents of N. nimmoniana powder interfered with the camptothecin peak. The amount of camptothecin recovered from each sample was used to calculate the percentage recovery. The average recovery from five different samples was 100.01% and the percentage RSD was 1.62.
The CPT content of all samples was determined. The compound was distributed in all tissues of N. nimmoniana and the highest level was found in roots (1.87 mg/g); the NPC Natural Product Communications lowest contents were recorded for the bark and the senescent leaves, both giving values of approximately 0.07 mg/g ( Table 1 ). Stems and leaves in different growth phases had different CPT contents. The content declined with tissue age; for example, the CPT content of tender leaves was approximately six times higher than that of senescent leaves. The content of CPT appeared to decline first before increasing as the branch grew; the content of CPT decreased with the increase of leaf age. Table 2 summarizes the published CPT contents of several species for comparison with the present results.
The present study suggests that the maximum content of CPT is found in the roots, which is consistent with earlier reports [3, 6, 7] . Lopez-Meyer considered that CPT was probably synthesized in the roots of C. acuminata, and then transported to stems and leaves [9] . Yamazaki also presumed that roots and stems were the main tissues for CPT biosynthesis [10] , and our results support this hypothesis. Strictosidine synthase (STR) is the key enzyme in camptothecin synthesis. Yamazaki found that camptothecin biosynthesis occurred where there was STR activity and then the CPT was transferred to other tissues and organs.
The maximum concentration of camptothecin in C. acuminata was found in leaves. However, the maximum level (0.42%) in the young leaves was ten-fold higher than that in the old ones [11] . Our results indicate that CPT yields decreased with the increasing age of the leaves. Padmanabha et al. reported the content of CPT in the leaves of N. nimmoniana as 0.08% [7] . The difference may be caused by different climates and environments due to geographical reasons. Camptothecin may have some chemical defense functions because nitrogen is rich in tender leaves, which can attract animal and microbial attack [12] . In the research of Padmanabha [7] and Fulzele [13] , the minimum content of CPT was detected in leaves, which may also be caused by geographical reasons.
In the present study, the content of camptothecin in the bark and senescent leaves was similar, but also the minimum recorded. However, Fulzele et al. recorded the maximum content of camptothecin in the bark as 0.27% [13] , which is 40 times higher than that found in our study. Puri et al. [5] measured the minimum content of camptothecin in the bark of N. nimmoniana from the northwest of India in Jammu. The value recorded by Fulzele was 3.3 times higher than that reported by Puri [5] . These results suggest that camptothecin synthesis is greatly influenced by geographical and climatic conditions. Roja and Heble reported the camptothecin content in shoots of N. nimmoniana as about 0.075% [14] , which is in contrast to our result of 0.107%. This difference could also be the result of camptothecin synthesis being greatly influenced by geographical and climatic conditions. The content of camptothecin was 0.024% in two-year-old stems and 0.054% in three-year-old stems. This result suggested that the shoots may be the synthetic organs, while the mature stems may be the storage organs.
Our results verified and proved the following views: the content of camptothecin in N. nimmoniana was related to geographical position and environmental factors; the camptothecin content varied with different growth periods; and the content difference of the plant parts (such as stems and leaves) at different growth periods was very significant. 
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The present study indicated that roots and shoots were the best parts for use for the extraction of camptothecin. As the use of roots would affect the growth of the plant, we suggest that the use of shoots is preferable for camptothecin extraction. By picking N. nimmoniana shoots at a specific period, repeat collection of shoots could proceed without the destruction of the tree. Also, the identified high-yielding parts could be used for the development of cell lines that could be employed in in vitro culture systems, which could provide new possibilities for a more sustainable production of CPT.
Experimental
Plant materials: All samples [bark, roots, leaves (different growth stages) and stems (different growth stages)] of N. nimmoniana were collected from different areas in Guangzhou, China. The samples were authenticated by Dai Y, an assistant professor in Hubei University of Education and voucher specimen (Yue Dai 001011) was kept at Guangxi Institute of Botany, Chinese Academy of Sciences.
Chemicals:
All chemicals used were of analytical grade. Camptothecin (purity over 98%) was purchased from the Vaccine & Serum Institute of China. Ultrapure water was prepared using a MRR-2(D) ultrapure water production system (Hangzhou Repure Ltd. China).
Detection wavelength:
Camptothecin, dissolved in methanol, was scanned on an UV-1600PC UV-visible spectrophotometer in the range 190-700 nm. Maximum absorption peaks were observed at 196, 218, 252, 288 and 360 nm. Based on previous work, 254 nm was chosen as the detection wavelength.
High performance liquid chromatography:
Isocratic analytical HPLC was performed on an Agilent 1100 instrument (Agilent Technologies Inc., USA). Extracts (20 μL) were loaded onto a Kromasil-C 18 (5 μm) reversephase column (150 × 4.6 mm). Methanol: water (50:50) was used as the mobile phase, at a flow rate of 1 mL/min, and camptothecin was detected at 254 nm by a UV detector for 15 min with a column temperature of 25ºC. The peak areas corresponding to camptothecin were integrated by comparison with external standard calibration curves. All standards and extracts were filtered through a 0.22 μm syringe membrane filter.
Preparation of standard solution of camptothecin:
A stock solution was prepared by dissolving 2.9 mg of camptothecin in methanol, and making up to 50 mL with methanol, to ensure that the content of camptothecin in the stock solution was 58.0 µg/mL. From this stock solution, standard solutions from 11.6 to 58.0 μg/mL were prepared by transferring aliquots (2, 4, 6, 8, 10 mL) of stock solution to 10 mL volumetric flasks and adjusting the volume with methanol.
Sample preparation and extraction:
Plant material of N. nimmoniana was thoroughly washed, segregated into different parts (bark, roots, leaves and stems), and dried at 55ºC for 48 h. The dried plant parts were powdered separately (FW135 type Chinese herbal medicine pulverizer), passed through a 40 mesh sieve, and stored in sealed plastic bags. Powder from each sample (200 mg) was extracted in 3 mL of 80% methanol in an ultrasonic extraction device (SK-120E type, Ningbo Kesheng Instrument Co., Ltd, China) at 25ºC for 40 min, and then centrifuged (TGL-16G type flying pigeon series of centrifuges) at 5000 rpm for 10 min. The supernatant was filtered through a 0.22 μm filter before injecting into the HPLC column.
Calibration curve for camptothecin:
Standard solutions of camptothecin (20 μL) were injected into the column in triplicate. The peaks were detected at 254 nm. Calibration curves of camptothecin were prepared by plotting peak area vs. concentration.
Statistical analysis:
Analysis of variance (one-way ANOVA) was performed to test the significance of differences between the means obtained through the treatments in each experiment at the 5% level of significance (p<0.05).
Method validation:
Instrumental precision was studied by replicating (n=5) analysis of the standard solution of camptothecin using the proposed method and was expressed in terms of RSD of the peak area of camptothecin for all the injections. The intra-assay precision (repeatability) was determined by preparing 5 samples from the same materials and performing the analysis under the specified chromatographic conditions on the same day. Intermediate precision was obtained by analyzing the same sample solution on 3 successive days by 3 repeated injections. The accuracy of the method was established by measurement of the recovery of camptothecin. Five samples of dry powder of N. nimmoniana (200 mg) were added to different 10 mL test tubes. The amounts of camptothecin in the 200 mg samples were 61.80 μg. Equal amounts of standard camptothecin (25 μg/mL) were added to each sample. The samples were extracted as described above.
